In this paper, we consider the existence of homoclinic solutions for a class of nonlinear difference systems involving classical (φ 1 , φ 2 )-Laplacian. First, we improve some inequalities in known literature. Then, by using the variational method, some new existence results are obtained. Finally, some examples are given to verify our results.
Introduction and main results
Let R denote the real numbers and Z the integers. Given a < b in Z. Let Z[a, b] = {a, a + , . . . , b}. Let T >  and N be fixed positive integers.
In this paper, we investigate the existence of homoclinic solutions for the following nonlinear difference systems involving classical (φ  , φ  )-Laplacian: φ  ( u  (t -)) + ∇ u  V (t, u  (t), u  (t)) = f  (t), φ  ( u  (t -)) + ∇ u  V (t, u  (t), u  (t)) = f  (t), (.)
where t ∈ Z, u m (t) ∈ R N , m = , , V (t, x  , x  ) = -K(t, x  , x  ) + W (t, We call u = (u  , u  ) a nontrivial homoclinic solution of system (.) if u satisfies system (.), u =  and u(t) →  as t → ∞.
It is well known that the variational method has become an important tool to study the existence and multiplicity of solutions for various difference systems. Lots of contributions have been obtained (for example, see [-] ). It is remarkable that, to the best of our knowledge, few people investigated system (.). Recently, in [] and [] , by using the variational approach, J Mawhin investigated the following second order nonlinear difference systems with φ-Laplacian: 
where p > . They obtained homoclinic orbits as the limit of the subharmonics for system (.). In this paper, motivated by [, , , ] and [], we first improve some inequalities in [] and then investigate the existence of homoclinic solutions for system (.) with classical homeomorphism. Next we make the following assumption:
For every s ∈ N, define
with the norm
Next, we present our main results.
Theorem . Assume that (A) holds, f i = , i = , , W and K satisfy the following conditions:
and
where
(ii) when r ∈ (, +∞),
Then system (.) possesses a nontrivial homoclinic solution. 
Then system (.) possesses a nontrivial homoclinic solution.
Theorem . Assume that (A) holds, f i = , i = , , W and K satisfy (V), (H), (H), (H) and the following conditions:
Remark . Theorem . and Theorem . show that f  , f  can be large when r is large.
Preliminaries
Similar to [] and [], we will obtain the homoclinic orbit of system (.) as a limit of solutions of a sequence of difference systems:
Next, we present some basic notations. We use | · | to denote the usual Euclidean norm in R N . Define
H is defined as a subspace of V by
Moreover, l ∞ kT denote the space of all bounded real functions on Z[-kT, kT -] endowed with the norm
where m = , .
Combining (.) with (.) and using Hölder's inequality, we obtain
, which implies that (.) holds. Thus the proof is complete.
Proof Obviously, there exists t
In Lemma ., let a = T and b = T -,
The proof is complete.
Proof In Corollary ., let = p and then use Hölder's inequality. Then the proof is completed easily. 
is continuously differentiable on H k and
It follows from (A), (V) and Lemma . that
By Lemma ., it is easy to see that critical points of ϕ k in H k are kT -periodic solutions of system (.).
We shall use one linking method in [] to obtain the critical points of ϕ (the details can be seen in []). Let (E, · ) be a Banach space. Define a continuous map : [, ] × E → E by (t, x) = (t)x, where (t) satisfies the following conditions: () () = I, the identity map. () For each t ∈ [, ), (t) is a homeomorphism of E onto E and - (t) ∈ C(E × [, ), E).
() ()E is a single point in E and (t)A converges uniformly to ()E as t →  for each bounded set A ⊂ E. We use the following theorem to prove our main results. , the sequence {u n } is the Cerami sequence that is {u n } satisfying
Let ψ(t) be a positive, nonincreasing, locally Lipschitz continuous function on [, ∞) satisfying
∞  ψ(r) dr = ∞. Then there exists a sequence {u n } ⊂ E such that ϕ(u n ) → c and ϕ (u n )/ψ( u n ) → , as n → ∞. Moreover, if c = sup A ϕ, then there is a sequence {u n } ⊂ E satisfying ϕ(u n ) → c, ϕ (u n ) → ,ϕ(u n ) → c,  + u n ϕ (u n ) → , as n → ∞.
Proofs
Lemma . Suppose that (H) holds. Then
Then the proof can be completed easily.
Lemma . Suppose that (H) holds. Then, for any u
Proof It follows from (A), (H), γ ∈ (, p) and Corollary . that
Proof of Theorem . We divide the proof into the following Lemmas .-..
Lemma . Under the assumptions of Theorem
Proof We first construct A and B which satisfy the assumptions in Theorem ..
(i) When r ∈ (, ], by Corollary ., (H), (H)(i), Hölder's inequality and
(H)(i) implies that there exists α >  such that
(ii) When r ∈ (, +∞), by Corollary ., (H), (H)(ii), Hölder's inequality and γ < p, for u ∈ H k with u H k = r, we have
(H)(ii) implies that there exists α >  such that
By Lemma . and the T-periodicity of K , there exists a constant B  >  such that
By (H), we know that there exist ε  >  and L >  such that
By (.) and the T-periodicity of W , there exists a constant B  >  such that
Since K(t, , ) ≡  and W (t, , ) ≡ , which are implied by (H) and (H), then by (.) and (.) we have
Then  ∈ B and e  / ∈B. So by Example  in Section , we know that A links ∂B [hm] . So by Theorem . and Remark ., we have
and there exists a sequence {u n = (u
Then there exists a constant C k >  such that
It follows from (H) and the T-periodicity and continuity of W , ∇ x  W and ∇ x  W that
So by (.) and p -ν > , there exists C  >  such that
Hence, it follows from (H), (.) and (.) that Proof First, we prove that the sequence {c k } k∈N is bounded. For every k ∈ N, define k :
Then ∈ . Note that the set A = {, e  }. So (.) and the argument of (.) imply that 
